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LATEl1AL LOAD TESTS ON BOX G·IRDIUi·MILLO'~
by I.. i.lla<l8en"
I ~ J SYNOPSIS, . .
This report~artse$ the results of la:,t$ftll10a4
teat,s on th$ br108$ @1rderD of th.%:aee $·teel m11.J.(')~SJ:1$$.~
The flrstCiI1't1r1&", ll0lio 4.6SS"wQ$. 10-..ton rS:ve-te4CJ-&ne.t
e8ft. 411'1,SPa.ni The glrdeXtso,t tb.l,6.c~e wereot. \J!l1'!i>
. , ;'
tom bp,Xseetion t~ut and notched a~ thelr(lU'lt!isto
flt o~er th$ and <mtt£age:~ ~b.e girdeJ"S werfl bolted 1;0 the
end a~.:rl"1age.. The second cranej> IfO~ 8441. 1'l80 a. 3O-ton
all-weldedorane of 104 rt~sp_ .&J:1d was uniform 1n seation
t'or 92ft• The glraersrodeon fout' tlto-wheelequ.a.11zer
trucks, fmc! we3:'e t,ted togethe1" b1 a box end, t1~. 'The tMrd
crane waaa eo....t6n t-1vet~d, tlsh""'be11:rt1pe of' 120 £t"*,,IllPt1nil
I talsowl:lssupported on four two..b~el equal.l.£$t' truoks,
and thegtrdet's W$pe tiedtes_ther by a b<i)X $nd tle·~·
Th&gi~der$ WGre lotad$d latoJl&11yontb.$ :tcp tl~'$.
to s!raulate themI!Ume~ 1n 1fb1ch$ceeleratlonand 4~¢el$_­
tlon torcell load the glrd$t"irt, The load .as app.1:1ed:to the
top &ltmgeb,. t1ghtani'ng .Q turnbueklef'astened to the cover
plates or botb g11'Jder4~ It was: found that the wh01,,0:1"'O$8
section of theg1rdera res,isteCi th$lat0ml lOQd IEInd not only
the top tJ.ang~.. as IS usually ~smt'l:ll~4. In add1tl·0ll. the end
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tles and. gusset plates o£ the $ndtr\icks cauaedthe whole
unit to aetas a f'rameso that. pa,1Jtie.1 f'lxttywas p?esent.
Theend1i'!omenteQt the endS oE the brldg$$ varledtrom 60
to 84 pel" cent of the fUlly 1'ix_d ena m.Q!l1snts~
,II • IftRQtlUOtION
Thea$; t~.t8 \fen made to det erm1n$ how ,mehor th$
aeet1onof' ab6.x gl~er 1.• ef'teettve Ull'os1stlcng tb.$ ltd~.
eral leads. T1?9 largereststanoe, bf box glN$FSJ to twlst·.
ing 'wOUld lnl1l1eate that ~hewhole aect10n of the tt1r-ders
r:e~,ls,t&latG_l b$ndln,g and not only the to,p flsngG Q$1s
usuall,aaswsed.Tt determineth1$,tests weNma4e=
Ql'$n&8 inth$ tab.rtoating ,aMp to teterm1fl$ the stre$s US''*''',
tl'lbut1Qntn, the g1rie~~ Knowing the $tHS$$$ {I,ctlng,ene
canco11'JPU~,what proportion of tMcroas section of tbegl!r~
de!" r-a$,1st;sthe latel'lAl load,. , tn ,the ;$00" teattn, 'th$$ntl,
ties' were bolted 'to the glrd$ra -.4 the whGle a$aQ$blyw&&
suppo:rtedon the equall.ter tru~kpin$on,c:pane$Bo. 84.1_4
, ,', . I
N'o.lf,5S86" ·end7\ne end 'truck tor CX-Qn$N~:. 4685. sk~t$heS
.
aho1l1in.! the details ot the glrder$ are shown In. FiS.l; 9,
,and. 20~
"
'The$tNsSe$W~$ _a8u~ by fliee.n$ ot e. lO....1rlo,
WhlttemoreStr:oa1nOAuse,'G Gag$l1n.ea $1'e esta'bl1shed .at the
, "
\1'aP1Qu'sseetions o.f the girder whe~ethestresses~ d$....
sbed by drilling two VG!"Y tm$.ll holes 1n the G1rd&rlO tn.
apart. The dil;lbincebettfG@n the holes 1s mEtasu.re4 'w1,th the
,r.:.. , .... -.
'.~. -..- \
gage beto.X'G and atterthel.d lsapp11ed.,lt '1'118 e$~e
;. . .
mea:$~ti toO.QOOlo.f an inch.. '''he d1tte~6ne& In l~tb.
between 'these two reGl,dlu!$ glv$s the,train tn the mem'b,G:p
, , "
(iueto the App11ed load. .1lhe resUlts are ,generally .~~'U­
rateto!300 l'b pel'sq In~ ,
Thelat'ePfll 'detlectlonot the g1rdera was tOW'ld
by mea;u3uring the change inc Mstanee bGtwesntl1$ad,j,QcGfit
fianSes of.th$~o glrd$,rse:' . ThU., was done on ,the, top 'and
'b()ttot\iela~~s'ilti "S$VetlaectlGn& tlslnga O~OOl~nci;, F~ra;t "
,,', ,
dilll. ' The d1~!'$re!'1e. 'betweentht read1qs of t'h$'a"~Olo~d
tmc1.f1ntil load i.v~ the ~otal moventent of bot,b. fle.n.gu4! '~he
d1f£erenee 'bet1:"eenth6 latetial deflectIon or the top' flange
and bottom 1'1anse at the $$meaec~lon dlV'lded by the Ust-
anee betw0&D the flanger.~uilngpo1nt$, ...S~v(t-~ the tw!.stoZ
the girder at that section In )"a,tU.an un1ts~' since the,
tw18teurves are comput$d .rr~' the difference ot._$uped
differencesj the plottedpotntstor tbe twiateVVEJ'S6hotl
some$catter, Knowing th$ twlGt.one can. 'determine the t£ve'F'"
age l$teral deflection ot'the g1.rdert
'Th$ load wasa.ppiJ.eel bytightenins a tU'm"buekle
fastened to the two girders ~ , A' ca11b~ateds.pr~ ,,~sin"
terposed in the' system' and ltsclosu,rfJ ns meaauredb,.
O,OOl..ln.Nnes dial", The elOSllt~twas ameaouHt>f theI ,. .. ,.'
actual lOi'W, Th1., load1..ng :sl~1.ated th$ :manner lnVib1eh
the brakmg and accelerating :rorc~s 1,oadanAe'tua1 ~an$
r '-.
Q
e~cept that in the Qctu~.l cra,n.e both g1rd$l'$2,;rt':l d$£l·e.ete{1
in ~h$s~$ directlOr.l.tI arhd 1n th$ .mtll tests th$ glr4.$·rs
"er$ b01l1t :tn O:PPO$!te dlreetl0n6~.
III. 'P.iST REStn';l1!S
.!.rQne Ho. 4G8~- 'ThEJ, d$t3Aet1on.$ Qsmeas'fU'!s4ws"·
the ~ombin~d deflectlol'UJ otboth ~derslll X:nFlg... 2.~$
'plott(td·the aver~seaeflect.1ano.t·$achg1~er <>r·the to~
mo(ulu~'aGn$etlon di"';1ddb;r 2. ''Pbeatt d..n~otlon$ ·are
p.lottedQ;1on.g ~he length of the gS:~dep and.th$ cente~ line
~k denotes the center ot ·the ~rder $psil. It s};l.ouU bs
not$d that the def'lectl'on at th$eDdblel$ not $erotop
the la.,.600...1b..load but: 1e .bout·O~.07""1u..at the top flange
arui 0',0$5 In.to~ ~hG··'bt)ttom tlang. du.Q "t&sl:1p tnt.he E)'ntt
eonn.$otlQl1:.•
TMme(tSt1red twist of the siraer is schown 1nJ'lg.ih.
SotttrZt lrdtl81 slip is alfie>' present. Thetor':si0nal constants
lrj •• ·compu.ted .tram tbeCiurves ... ~ m.lU)Jkad on the eorrespOXld~
1.n.g~$aC!, Th~,. tire f'Qj:~ly e10$e to t~ tMt:)r6t1.~1..'J'81uo
of 6300 ln4 j$ICOll:1,uted tt-om Bre4tl a ·th9o".~
The l.at$t's.ld&tleet1oneor"ot:Qdfio~the· tn.1tlQ1e'Up
noted in il:1g..2. andalao tor the tft.s:t ahoYlll 1n flg~.3j i.
plotted In Fig.' 4., . The .u.p (loJt1"$ctlonwasrna4e b:1!1ddins O'r
sUbtraeti.n8 a value to 'the m..a8~e4 defl\tetlon of the top~$
.Q that th.· det'lectlon of the end woull.d 'b0$5eH.,'l'h1s._
dl:llil!i"~'.,. '•. _:, ......... _: ,,_. ~, ._... '. .' __..,.. .•-... '..' '.- -,'., \ •. ,.,.. '.... .. ~, ~~::~,
.. iUd.olph a~t, I.r1ti,sche Bent$;rokUngal1 ,F. ,U'I ...DJ'ehttngielaatls1dt.
Z$ltaehrltt dea Vere!nes deut$~h"r rngr.mi.e\U'$
3'.1l7 1896J1 1',785
/
'- ..... :..~
alao done ~or the bottom rlange.These correctIons Welt.
only a..~ perc~ntsge of' the total detlect10nandare
made bectlu.se the 4l1astl0 tw.1stana de:tlectloI1$ at the end$
ofbh$ sirder are ze~. TheeU~~$. for the ditf5r~tloads
have a. somewhat d1l'te~nt tlpeot cu:rvat'ureduE) to' ttl.
greater end .fWt1' ettha g11"d.er$ 'When the12.eoo-lb~ toad
.flUl on thegl~er ..
Theatresse.swe;t*e raes.$l.U"ed en th$ idler- &1r.thu...a.~.
1ng& .•ere taken OnaeV$A S$ct1ona«long the~Z"deJ". Ateacb,
seetlcmantUnber of res4!ng$W'el'& tak~I1.. On th$ to,P eoV'~r
plate. read1nga weretakan. at t-beedg$ and 1'1ve, 1llehea fxtQ:m·
thE;\ edge'"", TheY' W$re ueotakenat the· cent..,1" ItnQof the' _"b
Gel 'at d1stanc(Ds· tenan4 t~ty lneh$$Qbov$ .and 0$:1$" the
dentat- lb1e'! Re.a~. W$ro -.lso tl1kencm. th& bOttom tlliW.6$
angle One inch 1n £rom the et1geo~ the angle~
F18~' GjahQa thellltreS& dlsttt1butlon at tlme$JJ1t·e;p
$eetlonand &1$0 8b011$ the loca.tion of the §Ci.&8' lines,. The
.strees laplctted; hom. the Qdja¢6n~ sidGot the boaa.ectiGrl
asanorigln,t'
In F1s+, 6 1.$ fJbown the :varlatlQtl.of the ,19t1"G,$S along
"
the girder on the 1n~Uleandou.te1de8dgeaof' the top eov&r
pl$;ts"t,\ 1rhe co:tzte$pondi~ tJtl'e$$s.$ along the bottom~e
..reshOWn; 1n Fig,.., "'lif'! Tbey are see~ 't()'bfllqu1t,e slmt1Ju;. '1'he
theO.rcatlea1atre8Se$ shown are computed on the ba.t!l$ that
the whol. g1:r(i$r sactlbt1 'l':$&l$ts l!ltera). .10a4., '1'b.etact that
t
'--.,-
$1'1$ melU3u:red .stX'$$S elobe17appttoxt:D'l$t$S, the theoretical
strt)$$ shoWs tbAt the slrd~:r aeta very near17 cUlaun1t
tmtl&r th&Mt1on ot:the latertUload~ A:t; thec~nt~r Q~
the ,.pun 1t ..ill be note4 t1¥Lt the ~etil,eur.i .tr4!uaaf1$ Ott
/th.e teptlart&$ are a 11ttle1argsi? than tb.e tbEu,')1'$tlcal,>
..~aot1the bottQ!i,flf.mge they' .areal1ttle ,sm.ll$~~>
'fbi. l.probabl7 dUe to I:t~eondary t01"$lonal stres$.Eu" ill'"
th&cEiltlte·;t' ottbe Crat.iilf~slnee the dlree-tioD of twist ~e~
'" To' -,- .... •
• ~8$4 at tb- bridge center there can be nowarp1.ns dU$ '00
tw1t1t a.t th1saect1on'~ It Is not ltk$ly that: th$ atrellui
V~lat1o.n ls' dUe toth$ toptlang'e' tQking ·an >s.ppr~cl.bly
greater pNportlonor the latEtl.tl!cl1oa4 tbatl the bottom
flange" becaUse tho d1ffal"enco' bet\'fe$n the Q$f'l,ectl<m.a·of
tn$ top and bottom tlanses (eonect$d. Zor .l~p) 11$ tilsmal1.er
peroentage '~themeasved,v_rlatiQn 1nst"sses,. flbls 1s
ftlrthett8'U:'bs·tantlatEH~\by the fact that aeEipt at th$~$1tet',
the tleaWt»ed stres$ 'Va.lues l1e> vflJn elo$tl 1;0 th. th$"4'$tlcal.
F1g·.. 8shO.8 the variation 1n the average, w~'b .'t"$58
along the g1rder~ It· ,should be rftmetm).)e.l"sd that the a treS$Sa
1ttthea:e tests are meaIJureJdonl.,OD tbe oub'$lde of t. 81~""
d.t-'s .1rtce It 18 1~OS$1'b10 to get, !ns!(le thegl.rder:iII.'!hep$.
totte the meatmretlatreth,e$ !"ep~$mt tbeaV$·1"a3..tre8.f'J't~tb.&
.mb&:t-a<m.ly when 'they fU.'8 ta.1rl1 str!'tight Inoomparlaon ·w.tth
( .
th$1Ji th1elmfl$S.~ Thts is BU'batant1a.llyWu8 tor f1~e
memb4)l's, bUt nQtnec$$$ar111true foXJ 'I1eb Kll.be·:,sJ the~"·
f'01"$ th&me$,$ured$tre$s Ottr"l'8S tor t-h$web$ may not s~ve
the ttverege stress, pat't1cularly whentlutwe'b 1,$ th1n~
.n t~ strEhhl curv$$ ·.rO.P ~.cl'ane t,~$po1ntot
serO$'W$.$' l$se@ t'(i beat _a.v~ed1atance,>t,.ixt~_, .
.t£iot· frem ttl_endaof the. &trd$'l'•. A pobt ·or ,e,ont.~tl.~.
snoWfi)··that,S0111e ;fint1i$~esent,. In t1'WJcase ',the locatloa
tJ~ the p'o1nt ot' j,e:t>os-tre,s.$ cOl'r$,$pond,,, tf)~. paFt1al.tWt"
of '1'$ peJloent~*the stat~.nt ~~, peroent parttal flWt1'
means that the m.ent at the .(t of tb.$ ,slrd$:r t$ 73 per'
eentot that \Vb1cb .-ou.14 be present it the girder W$:re.ct~
ing 'QS: 11 tully- fl.:itBd beGmo
fhe.lip ·.b1eb.oc;e'fU'~imthe . fob,t retiucttd the' ;f"bt-
ttl'.. In adCUtlon'" It, ttl, ,1mpO$s1ble to, 3et t'mQb\ttkd~ p.r
eent flut:v .s1ne~ ths$lastl.od+),tleet:1Qn due to thet;tl'eSis
in th$ondcan-lag~ reduc04, t.h~ mu1-mum p0881b1$ end fbdty
to av:alu$belowC)nf) ~ClpEl1t' ee.ntlli~he £1rlt,-of .thf!j wo
gll".r,$' 'VG:..tfJ$ctte .to-.theatl,t:f'$n1n@.e;tf'ectof tb.eD1.~1,.
The 73 p;er (fent tlnt-yfactorgi:'4t_ .&1:>0'V$ applies to bot1'l
g1rder.s ndI'mQlly onl1~$n thEi'1hav$ th6 same1ateral ~nt~
ot! inertta,. lIo_veer.. thesb1ffn.6$sfactor of the $114 tl~
(moment otlnertla.d1vldei, b,.· the lqth) i8Elm:ough lal"3et-
tban thl)$e fit theb'rldge glpdeI"$ aothat there 18 110 gl"e.a'b
dlf'fEJ1"&"1lce' betwa&n. the pe1ntll ofcoatra.f1e~l'eof the brt._.
.SI~"8oi'bfJtJ3t"Ore. the V3ll_ ~t tb¢.l~taet.or i ••
f'&l1:rt $;pp»o,~_t,~.. It~n14 'bt·~H4 t:b.m:n ,noa-,<IIi!>
temp.t 1. umall,._deto Qo~'eG~a11QW f'0J!' ent1: .t1X1t7
tn~a~j ..... '.Moh Cfts·. the &'B1:l tl.dty .1'~~l .Ma'it,,4 .
tufJQ,pof$at'etf_ 'bCftheoFotlea1. ;.t:rttNetJ .~ in t~
~~,.•_. 'O~t$4 ·\telng' en end: 11:&1t, Qt 'V~~.;te.1l•
.and a~alu.·of .4S50' tn. t~ tbegt'O$$ bG.1.'lfi:tmtal~tor
m$'ttta~ 'Meh"d lase_ ,t.q, 'b$'ve""~G"a$.
At an additiOnal o•.ek 'th$d.enectlon q_ ~~,~
U91ft£'~ In.' tc~ tbit ~<mtott:J,.~t1.&ftim' 1d1e~ ,gl~ ;
:an4 'l,'j640sn" :tor '~;mtlm~t, o£. mftt'~a.,t>r 't:he ..t~sl~:fti"..
tb0; 41f"1'er'ence, bfilt.~ the', 't\J-OV&lu(t(ll:e .eto tllt9 ~,.
"bleb. ~,'mtM:,r~tot;g~":"~ th.$,~.e "MiJ; ~••b,«t;! ';!fhtJ '
eo~ut84 ,C'1.nf))otlon o:Ctbia J.,a1'$1'" 8i.~i:jO. 972 b! .en4tha'
t:J'1l'th_.tQl4 etr4_ leO.I. 'm. '.~$."'G~~.c;1e;n"t1<m. 11
O~620 tn. ·1ftls._~4aver... late:ra:14eflectl00, $# .~
,~" ftS. 4 1., :O~eo5 'U1',i;,,"c1~""116a$'$SCilul'.t4 ~e'k..., AG Gt'ate4 .
betOl'e.. 'th$pwt1alfin'ti taetOJ1".t'1~ P4).t:' ti'ent';<W)u14 be._.
tG~' l;oth 811'dU$ Mlr 'betau:e ~1 -4, $p~t<a11 .be' ....
po1.'l),tof cm1tJ*af'1;extll"e. l'b& In1'lu_oG of ~h$ 'ftU.'fI." ti~ the .
lClt~ 4e,metl.0·~ ~. llOtol1 8~t.'- 8~4 ~aot$d._ It
M4u~.j ~h.¢...t1.et1_ ortb1.'.gt~~ to 0.2'5 t_etl' .tb$, valU$'
1t· 1f~4hQ" ba4. _r.e th~ ~7'1'1(>t ther~~
1fo'._e.$l'~ae.ttlg.W'Jt.tall_ at t.,~'400.1'b~, 10114 bui'
tbet4&t1ectlGnI w_re,.a.au-r_.. ~hll· deneo.t:1Ql1 of O..i6t tn.'
eor1!~$p~ to'&~l,6iltbttt,ofabt'1p:$r eent. Th" ,~,
ltr At the, 'btgh~t_41$ &-r$tl.t'l1 thW:1 at ttl$ 1~~ l.oad.'lJ:
/"..
.';' ,
ThiB 1s prObQ.b11 &3;e .to the tact that at the h1gh.er load,
enoU@h detorDlat1on had oceur~.ato increase the number ot
bolt. 1n bearl~ 1n the' end tie. thu$ 1nOretlfl1ng tb$
restra.1nt.
,I t should be r0In$m1)ewod tba~ the de$lgn lQteJ'al
load. 1$ about 1900 1b. However" this load 'in tbe te&t
" ~
. would .haver~su1tedlnstre.$e$ to~ low to mea.sure., '~h0
f'1Jdty ,.111 'vary s.cnnewbat "lth the load. A~ ver-ylO1lt' 10$&1
, I,'
the friction ,of the bolts ~~,~~ 'ttu; moment. As the l.oa(1
lnc'rea&ee j. there 1.8 e :l!I1.l"Wh1ehreduc$$ the tl~t1 bub $'
, .' . , ~
the bolts$tQrt to bear, the tix!.ty increases. Thls1s
$hownby the 111cr&s$$ in ellclt'1ld.t7 between the 440tl....lb.
and la ,600.1b.load8, The seot,1onaet.1ng 1:;0"$1-81; the:
lateral ,load doe. notvatt1'wltl1 tbeload,
!h;e theoretical 4ef:lectlo.ttfJWre eomp'td;;e4 b1' th<f
.tol1mtJ'lns tonmda:
'. ,1'Iie, I~a'
d a:: - ..... -4SiI. aEl, I
tnt}) moment of lnertlait $n(t B 1$ tlut. mcd'till\l8 o:r4l1.I.lst11ett,:,•.
i'b.e twist:w:aecontpUted b1 the :fo~e.~
Itt·'$z-
OK
whex. e 1$ the totn'lta:ng'1e of W1st" G l$the:sh~ modu"!"
lUJj, and K 10 the torsional eon,stan,t.'.r'he t01"s1on e:c:natetlt
u coltlP'Uted frOm 8redt' $ ·fo-rmula 18 equal· to the l'elatlolll
·10
"b1¢h, fot' a bO£$$ctlon ~1v$tn
It :I .l'fblla"t.. tl 1'1h~ banddal*& the 'fl1,dth
btl ...d t
and. depth Hspeot;.1Vt,l-
17, tlequa1.s the 1febthlcJn\e.s" ~d t 1.8 the s,ve_ge of
the top .d bottom tUuagethlckn.$:$$$$i. :In tb1$ortme,th.,
tO~$:t~). stl.tf'nes$ .raotor. of: bothg1:rd6llt8 B.repr$:ctleD,l"!'"
1,. tAUke, $lnGe,~ Qltbou,eh theweJ.k1fa7 e~es the Uteral
moment of' lnel'tlamaJ:'ketily. 1t chang.. thetorld.<ll'l co.natant
less than one per cent.
There~rtl1tsot the testa 'em :rlveted Crane .•oj.400~
can b$s't1l'm1.r!.Si;$da.s.fol1o\Ys;
1.-TheY/hole $$ctlonotthe ilrde~rGEJ1$tedth$.
lateral moment.
2. partial. end. t1.dtl due to 8'11p _s p'r$4mt. 'b$.
tween thE) br1.dg$ glr40J" and (A_tie. Its 'VQlu$ v4t>,teCi.
from 60 to '13 ~r c~nt as thelo$LQ ~lel.
3.~· tth$ twist ot th1$:t-1veted. gll'dGP could be cO.m-
putfbd by Brecitt '$ theo~ fibo'Wtng tbat theJ'c '\J!t~ no .PPr'eol~·
able ri.."eb .sl::tp toreduee the tor.tonal ~1g1~1tlll1It,$hQutd
b$J1Qt:teedt'hatthe a:tu..ring stre$$ dUG to tors1.on1tssG..:u:r
.about 300 lb per sq in..
4,. $eeonde.t-1dir$ct at"sa&$ dn~ to t;o:rslon1l'S1'lI$
pr$$ont at tb$ cent+.'r of the gl~ca.$l". 'hey wG'r6iot snm.11
magn:ltua.$.~
,.... -;>
./
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5. Tb.$wtilk\Va,,, &long ,ht llliotor git'd.er reduced the
lateral detleet.lonof tb1s girder"6ps!'cent ,as o~are4
wi th the de.f'lee,t1on of tbe 1dler glrde~.I:ts fJff1&ctlve-'
nflssma,. be due to ~he tact that it waBfastenGd to, tbe
'web£'()~ 1te .",holo length llnd,thuos actd .;bl:tee~1..Y ,Q.$ a
stltti$n.ep 'on the~lX'dG'JI'.,
CHnEtJNo. 8441 ~'!h~test$ ~ wela.aOl'bs 1i0,S4t,g
'we:r'flJslm11arto tboSEJon 1~o~468$and ,th~ dlsc\'l$sl,a,n,l1);
this seotlorlW'111 b$ devoted,pnll1Srl1y to thos$ pctLnt# wb1c!l
dlf'.fep, btomOrane 'llt>~, 46a3~
Cr~., Nth 8"1" (see i1.th9) ha4 no walkway. on it
durlng the teats" .." ''the glrd$~$ ~el'.t1r-$t te$t$ddthno
\ .'
gussetplatea betw$en t:b.et;itnd tte and brldge s1~1i' ..4
. ~ . .
the 'la.tel'aldGflectlonc"Ul'V~sQresnown 1n If1e,,10!Sltll11e .'
cu.rvea tOr the teats In -bleh spsset plates '.6r$U$'84 .•re
sbown b). Flg'~ 11" The di'Jfl$ctlon of tbeglrCle,;p' ''!1 th the
gu$$et plates 1&le,8$ ·than,the glrde1',wl-thlJtlt ,th~ gusset
. , . ,
platssdue to tbettx.1ng effector these plate$~," lfhe .t~t
that thed",tlectlon 1s ~$a1:er "en tMbottQl'4 than on the top
.fla.ngE) 1s que to $1.1p in the erldecmnectl<:>n.erhe en4 tl~ *&:$
more ~t£.ct1v& In,p~'O'ent1ng '$ltpaii ,the top t1:'.l'anat tbebot..
tom. becausC' the bottODl.of thEll ~.:nd tie ftS located clf>se to
the c~l1t.,rofrotatlon<>t the glrtier ao that' 'll13rfdlll al1pat
tb1s point "oul.deausC&Q. 1a.rg$ 4$fieet1on on the 'bott.. ttlt
the gtr4$~,:o;;$~conclly, the bottGm4)QlU1eetlOllcUC3, not b$."'G ••
/
, '
~1l bo3.t.~ That tt'ds .8111> Qc.ouFZ'e4 co\t1d be8een· Gas11.,
s1nee the nolt hole. we~ r-eQmed prl(Jl" totheteat$UI.
they 9t9lteout otl1:newhenthe test "16.$ Qv....'lhe "8n1''''
ant twlst «ue totheel1p 1$ thereforettomewmt ccm.trA.t7to.
wbatons m1BbteJtpaet~
fhe $$asure4 t'Uf1st ot the· g1~.X's 1$ _holm 11'1.ftg.,
lS_The ae~atlvev$;luesQ.e$u;$ed b'1 the enda11.p•.$11\0.
th$1Uea,aured twist 1s sosxnaU_the ;poln~$ are .$Oln$Jlba~
.cattered an4 it 1s· dl,ttleU1tto plot tbeco:rreetcurves.
Th_cUtterenee b.etw~en the :it value.$ e.: the;) 8800~1l> • and
19.800 lb~1"a.4a 1$ probabiL1dUeto th1.e fact. !f~Rlea.u$.d
value.ot K\'fere ·fo'Undby dlvlp.~the to~qu;. bl theprodUJ'~t
or the~h_1"modulus anQ$lQpeof the twlstourvQ, , Sl'ed:tr'.
th$ory1Vou,ld G1ve .. 1 value of 61,000 ln6 t However,. ,since
the twlstSllgl.iZ 1s extHmelysma11, lt l$'bel:t.v4&4bbat ttl.,
di,f.ftlr"enee, trom. the· th$O~Gtl~l Is be~e,e. matter Q:f ~cd.$ton,
SlnC6'th&tw1Stwa.s found by taklllg tbEit dlfta:l'ence oftlt<J
seta t>t J-ea,cU':!'lg$ (tlle later.l Q~·n(iQ1';lono,f the top .$.M l1>ot"l*
tom fllU1ge$) j whose va,luea were 'Ver'J' close, to _ch Otfh.~1 ..
"~t!'3 sm,all er1'Orln the m.ea$uecl va1u.es WQulcl give 8.F$tM"
large p-$roentag~ O~Ol' in the dit.ti1!J;ranc"'f
The latGJ1'a14etlect1ooa:$boWll ill, P1St·l0 and 11
correoted ,for lnitlal slip and hi.t u~show;n In. Pig.~'1;3,~
,".
lfhsstre$s,es .re m.,asve4 .GfJ.. tM fltont S1rd.e~t
/
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PIS. 14 8h~s tbestress dlst~1btltlon at the center sec.,
tloD 'Qf the glrderand the plotted points ahOYl ."h~e the
gage llne$ 11&1"0 lOCQt~~ The fltl'sa. tUstl"ibut.1on 1nt-he
web should be noted; O'..a tM outslde or cQlnPresslQnalde,
"'&1:'7 I1ttle 13tre$8 ia taken 111 the mid portlon of the web.
'fb1s1athtG elths1" to local beudtngor incIpIent 'bucldll'lg
of tbew."b or pernaplJtca eomblnatlon or theSes two ef~
t"ect$1' Under lateral loads, the web acts ·t1S the ¢~re$"
stOll fl6'1ngeota bel!lmad th.$ bIt Mtl0 of 240 fW the
olaar depth or the web 1$ $Ohlgh tbatth$ ,8t~=iU.~.no't
apt to be ,unlto:rttl. over th$ web Cr'05t1tllect,1<m,
The, te$t was .repeateds.num'ber ot tlme13, slm11.u
reat11~8 were t~kElnand the results'fl$re very1neonsls,t....
'ent. ahow1ngtbat the web$' .ereunstmble at 'his strea$~
Th1a1ndleates l:nolplent buctr...llng, t3lnee real buckltns
.oU14 oVcsrstv(f$$ the flanges,. Thelocalbetidlng et.rect
'Wa.s c:lu.e to t~taet that tb.. we141ng of th.ed1ephra~to
the tb1n wsb plates caus&(ismal1 waves or buCklo$.f 'Thus
the $t~&8& caused by- the test 1-.4 produce8 'bendtng due
toeoceftt1"lo1ty of.theplate1~$ra..rol'$'the 'mea.u~ed
st:M$$ ,on oneslde of the web d00$ notnece~,fJarl1y1nd1­
cate the aVElPAgeatHss th1"OU8b the thiclaiE)$$·ofth& W'~b,
1'18" 15ah.O'lrstheo·tress d:1Eltl'lbutionQ,lonsthe top
flange Ear the teet 1n which no gU$SGt plat~s wereuse4l'
1.--
F1g. 16 ~lve$ the atressd1strlbutlonln the web .., ffhe
lrrepl.t:ui- behavior of th$ web "'acleel,. $hown..,
Fla~f 17 shows the stress dlstrlbtttlonalong the
top flange when 6\lsset plates. .(lrs u.edill'rhe $t~es$.Q
are seen to belessthlm tho.se 1n Pi&iD, 15 .Meh. 1"'ep"~
senta theaame t$st withou.t ~be gusset pl$t$s.•,
. Tb .atltfei:llng E1ttectot th0ille eUS8&t pla.tett &.1.,.0
ShOW4Up in thelocat1on of ~e~ost"ss~.. For '1'$",15 tb.$
point of zero stress Q.'\7erageIl16~/4 tt. ,trom tbe' 'endot
. .-
the sbder'ibicn ooneaponds. toat1Jt1ty Eactol"ot:6'1 P$:tr'
oento: For the girder with gusset plates, the point Or zerO
atresm w~a 18-1/2 ft.; .front the end. and this corl?Qspone:s to
a paretlQl f'lx1 ty o£ '74p&1'" cent~i'
The span to use 1n computl1ttons tea questlona,b1.e
point but li1noe the tu.l1$pcm lSrlliime.l1"U$edln (letd.gn,
the.tUlllSp.anot 104 tt~:, was used in ¢Ompllt:t.ng th$abovo
.fixity ta.otors,~. Iio.eve!',. since. the 1l1Omsnt o1.'ln:ert1,tl' of
t~e gtrdo.. varied at the Elnc!l,. thepc:d.t1to£~ontrar1.$1tl1"
tor the fUlly fixed bee.mwas 25ft;1."tr-om the end instead
of the 26tt,i Whioh would have been th&oQse 1f thG·m.Gmeut·
er 1nert1.awere 00n$~t~
.It 1s !mpo$slble to get t>n0 hund~ed percent ~....
lty'S!noe the 4e,f'1$otlQn1ntha enti ti& allows the-x,d ot'
the bridi(!l gl.r4er to 81v~;~iIn.. C:rane If()i;~ a441~\ .the~~
possible: end ttx1.ty lsr~duc04 to eighty-tour per' oent due
,.,.-...(,._.~
.'"; I
to .t'r&m.6Q.cftlon.. Thus tM· ef'flelEl1.lcyotth& joint when
gt1S$~t ph.tea were used 'fIaS 0.,74, Ql'8S per cent, and 0.6'1
0.840.88
. .
ot"76 p&reent When nogttsaet plate$ wsreused.
~the():rsetlca.18·t:¥"e8Se$shownin thE) dl~_$ "$~
computed U$lng tbe$llQ fuities .toun.4 '.from the potnt$ oZ
eontrafle~\lretmda valuEt Qf'24.S00. In· tor.- thf)EPTb.S~J':1.
zQntt4 ~ent of lne~tla.. 'fhe elieek .1s '.ee:n to bevetT
close. The sbarp ore. plotted lntbe' s'tN.S$ l1nes 1$,
based on&conslderat1on ot the Cbange in Q$pth of ·th. g1~'
de~ sectlonCi
As $1l additional. oheck,.thel.$.teJi'Sl Q$f1eotion. .&8
COmPuted ue1ng241,300 tn· fop themOm$fltof Ine~ltlan4 thEl
flnty £ao'tof'$ totmatromthe 'atH$$' eurv0&; 'Phe th$o~~t ....
leal dfbtlect1onto't" the; f1rst test without the tP1sJ~etop1at$$
1. 0.67,2 In. and 1n F1St15 the 1\1SQ6\1r'et'I. d.49!'leetlon 1. O~"4
tnt! For the ttlflt wtth the gnssetJlate$jl the Qomputed de....
flectl()l!;t wa$ O.516i.n, wbleh 0onlPUG$ wlth 'a ltieastn'"e(l v'title
ofO,500.Thu$ the u.se or the 'whole@l~de:rtor'e$latthe
lateral foro&r., and thevalu8s at the fiXity :rG.e~(jl'$ 10.
just1.fleel' b'1 the check between theobs&~eaande~t$Q
d&i'loetiona. .
"
, Tb.9 otra.ses at tJ:J.$ eaOO~lbj, load 'WS'l'$ too Sll$11
to m.ea~e w1th prec1$1()n~ but th$' lateral dttlectlons 1I1eX-$
mea.sured;$, Thecenterdet1.ecttonof O,20511'1,me,uJur$4 at
this load C6rrespcmda to a t1Jttty tactor ot eighty per cent
and a joint eft1clenc1 ot n1naty"!'()ne pel? cent,
( ','
/
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The design lat$X'Ql.load _aebout 14,200 'lb~
The tests were therel'ore made at a'bout35 pel"c'ent over....
load and the, stre$S6a and deflection :$hOuld b~ ln ltn.
with .hat ..,11:1 oeou.:r'llthen th$ crane is li1a$rv:tcee&(Uf~pt
as these filcto~e are 1:I10cU.ttoo by th$ WQ1kV1aysj $tc~
The .end' l'flOment$ Inthebrldge g11*derscau$ed. 'COr-
re.spondlng ~na. l1c>ments "in ·the 'end tl.8~ !be'at"fiS~s1n
the ctnter of the' end td.e '1fGr6 t'>untitobtw30001b' l>e:vsq
In,at theco'mer1fi o~ t'be box, which. 0017'1"6$1'01108 W11';h a.
value of 5100 lb per aq In. comptltedtrom tbe 1'ixed$d
moment! The test showed that thelat'S,e ~oie$ 1nth8'
aldes of the b~ end tie pr&v~ntea tb,$po1l't1onef'the ,.id.e
plat<is·1n. 11ne with tho·m.enh.olea .~ C$rry1ng any $t~$S$.
Tb1s wutaken into account 11\ thE' above 'eomputat1en~
The toralonalmoment had. l1ttl$ etfect on the end
tie 1nc~!lri$cmwltbtbe t!JIedend .om\1nt.$lnee tH
lat$l's.~ Ioathat}. a$mSll $cc&ntr1cS.C7w1threspeet te the
end tie. In this test, the twi.st1ng moment was less than
I .
five per eont the late:-81 !ttQmento
crane No. 8441 was' ,al-.otEit"t:e4 under 'V'sJ'ttcalload.
The gt.rdera we:resupportea. a.t th$ cettt&l' \?1th tb.00ncs Cf1tll1!oo
tl~everedand the in!tlalSct"6es~Qdins$"ere to.k$f.l.. Then
both .enda wax-e ja.cked. 'upunt11 the gIrders we,re raised-on
thee$nte~~uppo~ttU).d.the ·8t~aln8;mea$nr.dagM.lrl.,trh!'$
.10ad1ng gave apprO]d..mllte111 the same berunt!g .moment·~sal.oad
equal to the· welglitoZ the-glrder applied at thee&nt~1;' of
the g1rdep..
,.
~. - .
/
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The top eoverplate atresse$ for th18 lcacU:ng are
aho_ in Flg.~: ise. They check well w1till the o:rd1nary ~_
theQryas .lIhou1d be expected. Flg.: 19 mO.$the$t~e$$
.. dl$tx-l1)ut,lonat the center $$ctlon.:otthe &lra~1"l.1.nt.1Qtb..e
. . .
acti01'1otvertleal 10$(1$ c. !bEt 100tt1 ben&g In. the thin
web !samwn bjr the re.fUsal otthe web to carry ita ..tU.U
. Bhat'~Qf'st"*sat the center l1lie of' -thGt1eb while it: does.
carry !ilO$t· Of 1ts share close to th~ :flanges or the gi1'4et:~
This ctlueesthe clU'Vl11nea.p stress cU$tl'lbutlon 1n the ."eb$...
Tb.$tt'esults or tbe tests c~ Grane 1fo.~a441 may be
suuarlzed sa .to110"$t
1.:711$ whole$eotlonoftbebox g1~G~r.s1ste4
the lat$~ll:loment,.,
2.. The endt1xlty for tb.e81rtler with the gUS$$t
plates .as '14pe~ cent for a 20,OOO~lb~ l.oad~ !'be and ria:..
tty £0). the girder wi tho\1tthe gusset plates ..as 67 pe~ O&nt
for a 19.eOO~lb~ load and 80 ,pep cant £O))$. 8800"'l,b, load,
" . ! '
Th1f!var1at1on.was due to sllpln the end conneotion 8.bd
do1'lectlonof the end tl:$'f
4:,~! '11$' joint e,ttlo1eney varlE*.4 from 76 to 9:1 ~:tt.
cent.,
. '.
5,.~ Under vertical. load. ,the box glrd~r behaves: &8
one woUld pr0dlet £rom theoM1nary be. thea,..,.!",
tb Anb/t ratio of 240 Zo%"the clear depth ot tbe
web seem$ to be about the upper l:11?l-1t Of th1s ratio ore-v$n
sOInewhat a.bove !f the webs Qr$ to act as 1s usually a$8u.~ed
in de$l~:eiI;:
/
\ _.... ;d
Crane .N'o. 6886- The tbiJ'd~rane tested was$......................................__........, _.- -.. .
flab~GllytY'PG and 1s eketehsd lnFiS. 20. This crane .
was teate4 W1t11 the walkWa7 on each 8i~d."..;
P1g..$lsbo..stb.~ .1a,t$1'Q1 d$tlt'J~t'.'f)ne:t.trve'.' or tJ!:Jo
tlan~es of tbiii el'"ane., III this ease, the end defleQt10a
on the botto. 1$ not$l'iEJPoan4the$11p CElu$edthebOtta
ThettJ1$t of these g1Vd$t"s 1,s8hown in Fig.. 22.
It •• rathertrarprls1ng to note that the tWl$tas:m~a.ur~
lnrad!L"1$, was praetlcallyconatrmt .e1ongthe· glr4.u.~. Bow-
ever.. thet3$eur\T$sl:ncludE}$llp.xt tl'1e bott()m: Cletl$ctlon
cu.ne.8,ot14"1g•. 21, a~~ .18$c!!l so tha.t thtl .4 4$.fleetlon...'ElI
=('u'o.. th$GtfGotof 811pw111 be, :$ll.m1.nat,ea,~ Thiseo1"~eot-
'. ~
lon result$ 111 the eorrect~4 t'ri,st curves of Flat- 22'" For
tl'l.e OOjOOOo;ilo>lb~ load the. center tWl$t asmeasu!'0d til 0,'00118
radians and thetwlat co~ute<l:f'rO]n.qu:;t.tio~(13) til 'tba
apptuldugives Q theoretical valueOI:O"OOl19%"adianSlt S1m-
.
'llarly f-or the 9S00-1b:,. loa<1~ the measured "..l'O.e 1& 0tOOO58
rad1an$andtbe~uteavaluel. 0,00058 raci1m1$,,. Equatl_,
,
(13) ,1S based onf3redt' III valu.e tOI" the tQ;r'slon eQn$tQt~' 'The
cQ~rec,ted twl&t eUn61i o.ra notpa,J.'!a1lel to th~ 0:'t&1n$1
twl$t cUt'Ves ttu.e to t.he .a~lable4.pth ofth$ $eetl<m'~'
I
The 1at&pal deneetlonQf nS'~. ,:al eOl'reoted toralip
'..
;-
(
Fie., .24 ~hows the strE;)SS distribution at the cente~
s$ctlo:n ot the glFdt1l'wtth the pl()~ted. poInts !i.ndlcQting
the looation ot tbe 8QS'Ullll:, :Xt shoUld be notetl that :t~$ web
atr68$.ea hore aremuc.b closer to· the theollet1eal than those
of Orane NOe, , 8441. The web b$1ght....th1ckne.s _ti0 wu the
8E1JnO in both C$.$es, but Crane WOe 6686 bad Q str8ight$Z'" wab
$J.'1d in addl tlonwaan,ot streS$$d as b1ghl7 as '!o~. 8441~ .
glg. 25je6" and 87 sl'A:ow them.ea$ured$tr$8$$:~
along' the flansea andw$ba o:f the &1~ers~. Tb~ t~O)1>&tleal
stress distribution 1s not Q,stl'1l1ght line $mee thecr<)$$
section of the 81rd_r v~r1es~ In Flg~ a5, the :eenter$tx-ea.
"'$8 g1:teatel' than the t.beor0t1<ml# and. i,n Fig. 27 l.t wa$ less
than the ~he()"t1cal,whorea$the l'J'f1!.i'st ottbe girder ohecked.
.ta1r1r wel1~ Tb1e 1s »rob4bl,ythe$_~effe~t,J1otlee41n
. '
Crane No~ 4683 andts due to $Elleondary t1,)ral0Ml stresses•.
The PQlnt fJtoontr$t'l&~ in the atress c:urves atte
at an averase distanc$ of ~2 .te, ~th$ ends of the gIlt-
tlerWh1chcorrespond tt>Q £1%lty f~etol" of·S4 'peroent~
1f1i1e lateral. da.flectlonwaaCoil1!nlt;e,a. using theeq......
tions in theappendlx $nd f~und to be ~rl0 ."", 1~21 == 0.89 tn.
Q$ e01DPa~dwlth am_alnu'tel valne or Ot90 in,. The vj11ueot
2JiJI0 .1n,,. 1$ thedaf'l$ctlQnwb1cb would-take place it the1"$
'. . ,
were no end t1xltyj and the 1:,,21 In. -value lath$: d~t1eet.1_
dU:$ to the end !nOttlGtlt· fAnd a:ct$ inthemlntl$ cllHet1t!)n. '1"_
d1;ffel'"'$Ilc$ 1s th~ flctual def'ltl'otl'on:~ irbe tl'aportano$ ofen4
fixity and of keep1ng ,the end conneet1QZl tl~t is $:Ppa.~t
it a latemUy atl£fctmle 18 desl!"e~.
'r
' ... ~·"t---~..E'-···
(.
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the walkways on tb1$ crane seemed to bave little
eftect on theciefleot1ol'l or .&trss$sa, a.s the above comptt;..
tat10na 91eramade d1sr6ga~!ns the 'W$.1k\YaVS. strain
measurements on the _lkway .alSQ8howed UQ stress~ The
~eQson tor the greater effectlveneGsot the.alk_y or
. .
Crane lio~4aaS &acompare4 with tbat o.f Orane wo, se96 1.
p~bably due t·t,) dlfference$ 'in C01U1eetlon deta.11th A.
la%'3~ po~lon()f ·the walkWay ·t)D.O:rane No~ 5896 ~bel()1f'
the s1rde~ snd could have no street, Secondly, the bolt.s
of the w.a:Uoray may have be_ !1'iOH leeae thantn theC~$.6.
of Crue I'OQii 4683,
The results of the .tests on Ct'ane No. 588.6 '-1 be
!
&\Um!Ia%'laed. u ,follows:
1~ Tbe"hole sect.ton of the box gi1'4er restst$<!
the lti1te1'almoment~
2,. Partial end fin ty was p1'l'$sentwh1cbl*Gduoe4
the lateral deflection over fifty per cen..t~'J]b.0 1'1x1:t7
factor ftS 84 percent·•.
'-,
3,Sec.ondary torslon $t~ellm&$ were present wb1$b
increased th&.· top fl.anse stre.5sos and reduced. the bottOIIi:
;flange stre$sea"
'4~ Tht) walkwayearrled nost1"e$s and hadUttle.
etfeeton tlte behavior of the s1~der.
(
,~ J
IV. J}I.$CU'SSION 'OF i$SUt.TS
Tbe main purpose Of the t&$t8~:-lJ1a$. to de-tent\1n6
wbat. po!'tt.~.n of $. be.orane alrd1'~ra81sts late-.l loa.dB~\
Slnceth~e ~erJ 41t£erent t1fui;sot s.1rd$J's ..e~ ~e$to4~
with thasame reault.oae may o~elud0 thattb$ "hol. ,$$e;'flljo
tion 'ot a box" ai1'4er wQrtato ~$l$t lateral lO.$,da~ T~t'$"
tor& ,1.t iEI~~_.lOB1ca).that!1.~de~$J about,t 'be 4Elst;g.neci -on
th1,a bal.d,$,ln o:r4er toeoJ!TelQe$d&nl~ procetlu.l'$ 1lt1th:
actual ·ooad1tion$.. :i?h1ssh,ould r4sult in $oQnomy, alnoG
~ausu..l,methodot!U;Jg~n8tbit the top ttang$', tak~fJ thfi)
3.at-e:~Ql lo$.4 'l"$S\11ts1n CtO'i'lJput«<.\1-e.te~$,t"$Qe$ whie,'b$:3&$
oftenthr'fi& ·to.f'Ou.x- times; $Ore than thos,eactuall,. ~$$9nt•
.tt .$bou!.d a1.so r:ellUlt In a saf'&t' aectlon,slnce the $ t1'8:J$.e$
in the t-6J'18tQll tllUlg_d\1e to la1Hrs'311oad,wh,leb are no~.
lyt1$g1$~telfi.,.J.l1be _11owed f'orln the de81sn~,
'The torstonal direct 8tJ.'-$.~ul$ln tho u$\¥ll S$ct1.011
'tftll beqw.te SmAllan4 $ho~d have 11.ttleef:feet 1nthe
!10~11 J-~QpGrtlone4,&1ftieJ',. :tney oceuronl.rat the po!tJ.t
tiller., th~ girder 1$10a4.&4 .QIld be·etlme ne.gl1g1ble wltld.na
f$. t$$t b-oli1th1s ~eetlon'.
:and £'131 tY1ftlS p~3E)ntln all th~ t:est$,~Th1. ,tb:'~
tty 1s JlQ~1.il:n$&leote4.lnC1e&~:,.' Th;.t.e nesl$ctl$' 'p~(J'b""
ab1,- .Justifiable .1110'6 ~nd. f1.xity .,lll vary" patlyC1ue to
"
"
aetall1ngQ1d 4$dgnc~ secondly,the play in the end eon..
/
ne.:t1ona "Men appeUe a~ theeratl$ 1.$ IJ!$ervlcewoold
, I
(-
nWCHi any f1xl.ty p;rs$etlt tOQ8ma.lldeBi,re$~ liVeryCl'Q$
matntenanc~man 1$ tQmt1.1a~wlth the occnrrence o~ 100$$
'boltatmd l"tvets ln the end tle eonnectlc:m.s~ ItDi$t b$
remembel'ed that the t$l8-t:a were _tie on;n$\fly ,fabr!,oa:te4
eran6$ whose Jo1:nts \l'ouldbe tlgbt$r thfUl nOl""laQ1.oThu
\m1$ss th$ joint ls d$slgn$dso that nQsl1p can takGpl,ace p
ttEf~tl1d, bet.\$.glec't~d 1n eomputatlons. Al"1'S fixIty ,pJi.s&nt
rill btl G: a4,U.b10Jj1a18af'$tyftAe'tO~Eu1d'helplnstltt:~nl!lS
the gtVf!ier.. Roweve1:', th$ f:ittd tie shOUld be tlo&ltJitled tOH'"
a1st the EInd~t $1nce negl$ot ot tch1 filmoment mQ;";N~$U1t
1n OV.2Nj;t!'e'$$1nsthe end tl.~
The walkway worked with tbe g1rd.~ln one t$strDld
bad nO$ff$c'b in anoth&1"I1(Slnce the walko!fay !!llso loos$tu,1l
1n .ser\floe. it 1$ not bel1evedtbat it oan be ta1CM, Int.,
Account 1n $ud.gtllJ un.le$!1 special means are taken to make
1 t ..ot wlththe gl'f'dE5)r.
With th$:oscept1cn of'on. tw1$.t cuP'v'e, 'bhealastlc:
t.l.t,eou1~be<:mnputea.f'a1ttlyc).,ose.1y by Bredt's tbe0l'7,
and! t Is thought that the ob~u)ned'VQrlatl0l'188.r$ dU$ p~1m-'
arll,. to,pr.cl.d.on~. HO-'••l", the $l~p oocuning In tMend
Joi.nt••y caueD ,a tW1:.twh.1eh, l$l~ge 1.n e~arl$on With
th$elas~1ctw1$t. "fh1a GlipW'Ould lnCX"et.l-$e $.$ the erane
18 ta.S$d 11:1' s81"vlee~
I
eD1y one test .8.$ _de ~de:rV'e1'ltl<:al load, and; the
l"eeUlta<:he-cked the ordlMry be.,lI: tbe:0l"7;,:.Tbsre 1$. 80 r-eas_n
to belleve that the re,$ults$hould be otnel"Wt8~'"
\, )
ifWo of th& C:J"a1'i$$ »0:_ B441tind No.. 5886. hat'iJleliA....
\
t1vel'1tb1n weibs. the ratio or tb$cl-eUdepth to the plate
th1ekne$$be1118 a'bout240 111 eaObCflS$.\ one lJ/)t' tbe$G web,
W'1110B had .$¢)mos_ll lId.tlal buc.k1$S,hl1d~Ather1f1rleb~nd""
1ng :f;:t~.eS$8_ The- rlvet$d 1febalsB bad some bend1ng stress··
e., but they .en notQS '1&1".6$ Q$ those In t.be ..14ed .eb~
How&v$2:'. b€ttt)')?6 any eompeLt"laOll 1••a.$ batW'&~ the tWfJ, ••
eb.oult1not$thatthere waa a 41apbfJagmclc,. totbe cen:te~
SGotion of ther1'\1'eted glrdett,. :wb$reas, the eenter sectl<m
of tb.$dlded gl.rdep\laa balr1s.ybetwecn thed.lapbNgms:~,
.' ,
'fb1$'ve~tl<m1c1:taphra~ "O\l1.dba.\fe$mr'i~ etf:e~tlnre4uel~,
the bantUn6$tres~e$at the center 1lJ$.ctlon of 'the 1"'1VEJteti
g1.rd,er'~, lIow~er, If' tbiMer w:absa" to be u$ed,l t:m1ght
b.. adv1,Sable to add ,1M!,ltuclt:n,rtl ,a·tl'f£$tu~l'$:.~bGaibove tis*'
0'..1881011 $,ppl1e$ tl:P1.ma~ll7 to the girder 1U1de1'"'the a~t1on 01
the1.ateral lead only, In $$t-Vlc,$ the. wane WOuldbave Q,
ve:rt'lc,a11G$€! lnQdd1tlon to the hor'1zontal1Qadand the
ct,'1)mb1Jla,tt_ otthe two 1064$ 1rCJU14 usually .ttl.'111tb1.atow~
all~bl. web, hG1Sht-tb1e1m..O& ratio than1t' tb'ElJ e~an&"$l'.
nnQ&~ the .etlen of' el~he1" load alone~
V:.,. x.9P~USI01fS
I. The ,r'$$ultsotthe:$$ t&sts aho. ,t'batthe .hole(' ... ." .
gt:ader section acts to ;Ita_1st lateral loao.s and s1'16uld be
. 80 considered in des1.gn~.
_.r'
/
"'\,
/
\ ,
2~fhe $~e8St:)a· ota. (.\~ane 'W'ldel" .ertloal 10.d
can be ¢~u.tea 'by tb.eordtnary'beam tll.$O~.
,;l,,~, !'fh~ 61a&tle twl.t ot a gtrier- ean bee~t."
apP~Qoo._t.$l:y., b17 1b*edt1 $ thf)()JIiy~.'In:$&ittlotl t<> th.el~
utl,otld.J$t the" 1. qulte f1. bltQt t.l~t due to' .e11p,~
. ' " ,
rb.e$$ t.st,~Q.l"C1) a part 'Of: a p~~_ 'apotJ;$o~ $.ria:'
ttnaruiedb7 the ,A$$oelatlonot: Ilt., _~ $~~$llngl:n$~t":~at·
the F~lta ~1t1e$~i tltbClrQtaryor L$lU.gh t1n1v",..,slt,.. 1'M
W'Ol'k 18 bttlngeal'!:'ied wt '!.n d.1l"$ctc.QQP@f'iat,lon..•1th ~he
oran.s.peeltl·oatl~iO~tt$e of'tneA..I.& s.~. Untlel"t;~
cha1~sh1p f!)r Frank W"Cx-_e~,SpeQla1Clclmowle~t1$
due toS'~t W11ey~M~lng1>1:reoto:r"Qt tb' A$$()e1atl.on.,
t'of! his COCP~l't!tlon t~_b.tth..()~k" ~be sm(t;l"ill 'filM.'
pq 18 un«s!" ·the· .$up~ftUlon &n,d dtHCt.1.G!l otthe Uboa~
'to%!'1 .ta.ft. of "hieh ifalti}S1iltherlan(l 1$ Di,r$otol' and ~u.GG
lob1'llifton .1.$ iU:lslsta'nt·»1l'ectQt'1~_1t~ '&"'$ QlSQ flu..
tc>tb. 'o:ran$e~an1etl,Who,bEtl.ped$nd cooperated tnth$,
,POV'Q teat$i.namely tho -Alliance Haohtne company" th_li:GrgAn
~&161neetL"!nsQOnl~1f,Mdthe 8MWBox 'Gnnean.4 Hoiat. J)lvt:.
t.:l.on o£~e:ll:.. Jl~1n,g, and.. lU)ol'$~
The :following fo!,'"ltl'lillaewePa d$velope4 for flab"
bell,g1rd.~a trom th~ fim.Ciam$J1ta1 d1tferantial aqwatlon
da ·u
:m iii =~r- (1)
wherey 1s thedet1eetion of \he l1~er at
.y point Jt. _$u3\lrea£rom. the Gnd of the
s11"d.er ._
S!ncells a varlabl$ 1n tb1.$ equation .Il$. _11 as
11, some a$~tlon m\l$t be made ,a. to th$ 'Variation of I ~.
1'wbtu~ts of t"~m.u1ae were de1'lvGti.ontl 1n which it _~ as-'
"$dtlmtlv..arlet'l 11nea~1Y' $long theg1rder,andIJEte(md.,
it Wll$. assum.ed that I'ilari.ei ~bol1;ea.Uy-along the length
of the 81r~r.The flr$t ap'.P~c!)JtfmAt1_1sinoat appUcable
- -'
to comPutd.D.4 thG laterQl ~nt Or inertia,. and th-e second
1ft computing the v$rtleal moment G:f inert"., For averase
glrd$,tJ4 tJ.?;eyahoulG.{)lve re$u1 tilt wh1ch Cl" fs.11"ll olGse,
, ,
'Tbecong;n.ltatl,Ol'lS f011' derIving th~ule ,fomul$.$ are
q~t$ Ubor.lous GIld only tbtl ~$$ult$ w111 'b$glven~
BOJilB glI'd~r'1n wb.1eh the%. 'VaJ"l~$ pal'QbOli~117,
the detl&ot101'.1 ata:n1' point:: due to a, l.ead at the eentfn't
or the girder 1s
(1 = .' J?la [x log (Ur... + ra) - ax .' fa t"1r.:
16BI3 134 ) 4IS
too;l ~' - x loa (:~:. +~)]
(6)
/ --.
-a8
pstands to't!' tbet center l:Qad lZ1P~dll.,I, 1s the. all- .
In 1nches# '11 lathe pose momentot lnertlaat tl1e enC1~.
1a .1$. th$ .gross ~om0ntot 1n$t'tla. a t tbG center, I S$qwda
12 - '1:1' and I 1$ themod:'t:l.ltls o'ffelaat1cltt~fheab(')v.
f'oEl1Ulae g1vethec149t'ls$tlf>1'l for .a1mp.l~beam.
(4)
(5)
The det1.ectloned'Ue to the end momentar'e gtV$2.
by the f'ollovd.ns .rormulh·whe~ .1$ theE;nd moment.
Porparabo11evar-latlon or I
4 a;::[~Vjf tea-1 ~V~ ~.~~ tan~lVjf
f. (.~\l~ i lo&~+\~lJ':j
-------------_........-~=-"'-'~".•~""----'•.~.'., _... , -"'--
'and £011' the e.nter detlection this red\1ce8 to
,. 4e =(:$)lOg(1+~) · (V)
g::~~~::(~:::~:t ~+~~ LOg~l':l:~~ (8) .
8114 tot the eenter4etlectlon. th1$ reduce$. 'to .
,. .~ta [ ,Xl ..,. (... I~,)~~. '" ~$ ... L + r:;.ll>g .1 + it' ~ (.9)
'Th~f1xeci end 'moment is atven byth•.tol1o~
tot'fitQ1tl for, ltn.elAr var.1at1on .0£1. The~ would be nQ~':
. ' . ~" -.
tan-1 ..!..··.
'. I
1
(10)
The actual :fixed $lld moment would v_" bamaixti
to nSnet'yper ctlnto:f the above l1abe 4.pend1ng on the_4
oonneotion"
In 't1'l$ above equatloasJ theunlts _$t b& con.sisti"""
ent. Qt1d 1 t lsadv1$abl& to use pound$ an4.1neh.$s.Tb.$
1( f.. _ !
angles ~ $.%l)resJJed1n ratU.Qns an4the ,loga.r1thmsare
nat~ loga1l"1tllluatothe base e and not to'theba.8~lO,.
:flluUt$ .eq,U4t1~ ·~equ11!". Q i~od: 4$&1 t)t,eompuf$tf..
for the1~ $olutlon, f>JtoE)ptfo:- thed.~tlect1,onQ atJ,thece.~;""
t!&~ 'wh&t*e they aN oorud.4erab11 $!mP11tled" The effectot
,
,
I
---------
.~1n8the1ttomentGt lnGrtla latolnc1"eQse tb& deflettion.
overwbat .0\114 t$k.e p1.aee if the "hole e;J.rdera&ctl0:n"l"$
t)qual to t_tat th$ctnt$l'.: .F_a numb.r ofalr4:srs1$1,ou
haVE) been cheeked b'1 tb.e 'tIritor" the lncreaae In,def'l$otlon,
bas'(t$.l'l$d frGm ten to th1rt,r .p:e'f' cent ..,fherefol"e: t~'e;p""
pPoX1_te eUlPl.1tQ.tlot/.$, tho t'o11O'ftmg tQr'1J:lU1a 1,a tI~$$te4
t~'1!'t~c~ter,' detlectlon of flah"'bell:y g!Ji'del"$,.
40·= It, [. *1·_·L~a .J (.11)L4BliIe SEt.·
leta themomtmt of inertia at the c.nter~ • is the
t1u4 end momentwUehwlU "art flrom. eo·· to B6perQ_t
of' tM 1\1111 .tixed bO$ depending on theconnect1Qnj and
It 1. 's. constent to tflke lnto account tih$1L~$bbel11e£teet~..
K vartes &om l~lO to 1,,30~ the l1~l,6Ji'val\1e appl~to
'relatively ,f'latfiebeUyg1J'd:a1"$adtheb1ghel' val\i4 to
deep .tlahb:eU,y $,lriot"~. Fcn." a S1riGl~ of const$i1tslii:etlon
K.quala l~OO.
:tn· ,a.: fl.,bbel1yslrde;r" the twlfJti.:t...nsttoment:du$ to
aateralled applIed at ,thet~p:na.nst!klanot conate:n.t
but van$$' a1._g the. gt~4$r 81n:ce ~. o'.nt$t"ot'gl"4vlt7
of th4 glxade. apP!'oaehea the top tlangsaa one approaoh••
. ~ " .
t_~·...
Tha Wl:8t for tbiaeon41tloa. 18 61ven by "he tel1~
1nf;. t'ormula" ·"ben the depth of the girder.arlea parabolic,.-
a11.7:·
--_._---- -~_.~-~ - -
.,'
(12)
··(13)
t2 'are tnecover plate..t1)lclme8~es, talsthe w~bth1ck.
. "
l'l68$" 'h11s thEt depth or ,web at the .0:, be !ca. tbbc.,....
ter 'web' depth, and bS, 1$' the .tUt.ttl,v'm.ce betwe~n th$cont~
web de,pthandend depth.
R01II$ver jrorapPl"Qxlmatecomputatlona. we-7 11$,$
for the' eent~twl.t
.pt '. ~'b ah!l
Yo =32bBhaG ttl· '~+t3J' (14)
iJ:'hietoNUla 18 amply the f'o~afor theum..fO-N
••ctlon, and ita use 1,. 'ba.sed.u,pon the .$.~tlon t1:let the
real.tUloe, to twlst .and tb$appl1e4 ~ent lit_fsec,t!.
VtJ1r'1 proportlbnatelY., FQr th~·cran$ te,jted# the compute"
vatu. 'glv6tlbJ'&quatle (14) 1$ p,act.loll111 tn. 8~$Q8
tbat gl'V'etl by the more exact elluaCion (13)-.
Th$ twist cau.sed by aun1£Olm tOl'llq\1e al~t.h1,.
girder" such as the motor ~e may becomputec1 by the
f'oU(J\d.ngto~G,fI·
. ;.
_______________......... -"'~----'==...~~- .~-.~, ... " c<,~_.•
'/
/
y =:.[~.~ 2bl(~~13~~l +{~+~)':l +~J
~ tl1a&l~v'iJ . (16)
~ tb$ Wlst at th. center ~$ obt$ln.ed by $Ubstltut:1l'ag
~. '~, ·1 in tI~,. abOvet'o~a~
'f~, abO'fe.for$l1lae·4re $1".n heX'$ aaa._ttEtJ" of
Mco-l'C!s.1nce ltvaa ,neoeBtJ~to 4$...lv$ th$m1n'ordw to
check: tbe teat re$~tslp Th~t1lf.lp~)11oat1on1npract1."
\tOUld probably be lQbo~lOtts. As a matter ,oEtact, $, pJiop"
·$;ri11dea1&fA,Gd boa ·llrcier1$sQ$t·1ff"tbat ,the:x-elaUttl.
necess!t1 ro~ e~put1ng twi$t.,
, ,
Tbe ro~.wbS.ehmlgbtbav$a practical appl1'-
,catIon are those fa" l$.t<,ral anectlCJf1 since theY' ue a
.£ulureof the atlftne$s, or the ~rea~. A.lao~ $nav.rage
craae otte.. a,la.f;eralcl.t1sotlon un4el'the6,el\lp
load, Which Is greater than the V$~tieal det1eetlon, ~1nc$
~ls lateral (le.f'l$ctlon oeeur:eln both.41~$ctlona, ttM!,~e
.08tl be ,no ~ert .~ thiSlr&su1tant weal"on~t~lns,
bear1ngs.. ete.' 1.$ nlGl'eserlous' than 'that 411$ to the ver....
ttcal,bon£\lng.
, 'r,
~$ abQ,V$ Gqttatic:ma.· GPpl,."h$l the g1.rCter.m
l:Qad:$d At tho center I and thl$ ,e9tu.il~lon g1ve$ the m&ut...
1mum. pO'salbl$ tle.rle~t,lon 'v(try elOlJ.1.v .,
. ~ t



























